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Description 

This invention relates to heat exchangers and, in 
particular to a heat exchanger assembly adapted for 
automotive or other air conditioning evaporators or 
condensers. 

Where a heat exchanger utilizes a working fluid 
which exists in both the gaseous and liquid phase, 
heat transfer performance can be limited by exces- 
sive working fluid pressure drop in those areas where 
the gaseous phase working fluid is found. In a heat 
exchanger which operates as a condenser, this prob- 
lem of pressure drop occurs in the inlet section; in a 
heat exchanger which operates as an evaporator, it is 
found in the outlet section. 

In a condenser-type heat exchanger, pressure 
drop that occurs in the inlet section reduces the sat- 
uration temperature by an amount proportional to the 
pressure drop. This has the effect of reducing the 
temperature potential driving the exchange of heat 
from the internal fluid to the second working fluid 
(e.g., air) passing over the outside of the primary and 
secondary surfaces. In typical applications, these 
surfaces are the tubes and associated fins through 
which the working fluid passes. Efforts which have 
been employed to reduce pressure drop include mul- 
tiple inlet feeds and manifold assemblies, which add 
cost and complexity and reduce the overall assembly 
reliability by virtue of increasing the number of vari- 
ables in the production process. 

In an evaporator-type heat exchanger, excessive 
pressure drops in the internal fluid path on the outlet 
side have a similar consequence, i.e., reduction in 
the temperature potential available to absorb heat 
from the air stream passing over the exterior of the 
heat exchanger tubes and fins. 

Furthermore, use of heat exchangers in automo- 
tive (including truck and other motor vehicles) appli- 
cations, such as air conditioning systems, requires 
that such units be compact, low In weight and highly 
efficient in order to meet the increasingly restrictive 
specifications in modern motor vehicle technology. 

In this field US-A-4. 83 1.844 discloses a con- 
denser for a refrigeration system wherein the struc- 
ture provided for facing the problem of the pressure 
drop is rather complicate and bulky. 

Indeed the flow path from the inlet port to the 
outlet, port includes a first and a second section con- 
nected to each other wherein the refrigerant flows 
part way from the inlet port to the outlet port in plural 
paths and flows the remainder of the way to the outlet 
port in one path. More precisely each tube of the first 
section is doubled in parallel with an identical tube 
while the second section, of less length comprises 
only single tubes, the tubes of both first and second 
section having the same diameter. 

As already stated this structure is very compli- 
cated, expensive and unduly bulky. 



Bearing in mind the problems and deficiencies of 
the prior art, it is therefore an object of the present in- ~ 
vention to provide a heat exchanger assembly which 
qMrgfees the pressure drop as sociated with a duaL 
s phase working fluid in the gaseous phase. 

It is another object of the present invention to pro- 
vide a solution to the aforementioned problem of gas- 
eous fluid pressure drop which can be utilized in both 
evaporators and condensers. 
10 It is a further object of the present invention to 

provide a heat exchanger which meets the aforemen- 
tioned objects and which is compact in configuration, 
low in weight and does not introduce unnecessary 
complexities in manufacturing. 
15 it is yet another object of the present Invent ton to 

provide a heat exchanger assembly which minimizes ] 
gaseous phase pressure drop of a dual phase work- i 
ing fluid which is especially suitable for use in auto- ) 
motive and other industrial, commercial or residential I 
20 applications. J 
It Is a further object of the present invention to 
provide a heat exchanger which may be utilized in va- 
rious applications and which provides higher efficien- 
cies over conventional industrial, commercial, resi- 
25 dential or automotive type heat exchangers. 

The above and other objects, which will be appa- 
rent to those skilled in the art, are achieved in the 
present invention which provides a heat exchanger 
assembly comprising a pair of header members and 
30 a plurality of heat-transfer tubes passing between the 
header members. The heat transfer tubes are adapt- 
ed to transfer heat between fins on the exterior of said 
tubes and a working fluid in liquid or gaseous phases 
within the tubes. Agas pressure drop minimizing tube 
35 passes between the headers through the working 
portion of the heat exchanger and has a cross sec- 
tional area significantly larger than the other heat 
transfer tubes. The ^as pressure drop minimizing 
tube is adapted to carry the working fluid in a gas- 
40 eous phase either as an inlet when the heat transfer 
assembly is utilized as a condenser, or as an outlet, 
when the heat transfer assembly is utilized as an 
evaporator. A member connects the pressure drop 
minimizing tube at one end to at least one of the heat 
45 transfer tubes for either transferring gaseous work- 
ing fluid from the pressure drop minimizing tube to 
the heat transfer tubes for condensation to a liquid, 
when the assembly is utilized as a condenser, or 
transferring gaseous working fluid from said heat 
so transfer tubes to the pressure drop minimizing tube, 
when said assembly is utilized as an evaporator. A 
plurality of return bend tubes connect the heat trans- 
fer tubes to one another to carry the working fluid 
through the assembly. 
55 The assembly preferably utilizes straight heat 

transfer tubes between the headers which are circu- 
lar and have substantially the same interior cross- 
sectional area, and includes. the pressure drop mini- 
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mizing tube within the heat transfer tube array and 
within the fin pattern imposed upon the heat transfer 
tubes. 

Fig. 1 is a front elevation view of the present in- 
vention, without the cooling fins, utilized as an auto- 
motive condenser. 

Fig. 2 Is a detailed view of a portion of the front 
of the condenser of Fig. 1 showing the fin array on the 
condenser tubes. 

Fig. 3 is a side elevation view of the condenser 
of Fig. 1 mounted in front of an automotive engine ra- 
diator. 

Fig. 4 is a side schematic view showing the work- 
ing fluid circuit through the condenser of Fig. 3. 

Fig. 5 is a side schematic view showing the circuit 
of a working fluid through an automotive evaporator 
constructed according to the present invention. 

The components of the present invention are pre- 
ferably made of lightweight, thermally conductive ma- 
terial such as aluminum, although it should be noted 
that the high thermal efficiency and other advantag- 
es of the present invention, as compared to the prior 
art, are due primarily to its novel features and config- 
uration. Other metals and alloys may also be used, for 
example, copper, brass and stainless steel, depend- 
ing on the application. The components are joined in 
a conventional manner such as by welding, brazing, 
soldering or the like. Among the various drawings de- 
scribed below, like numerals identify like features of 
the invention. 

In Figs. 1 and 2, there are shown views of the 
front of the present invention in an embodiment for 
use as an automotive air conditioner condenser. As 
shown in Fig. 1 , withoutthe cooling fins installed, con- 
denser 10 comprises a series of straight, circular 
cross-sectioned heat transfer tubes 12 extending 
horizontally and parallel between spaced vertical 
headers 14 and 16. Header support members 28 on 
either side of the condenser 10 receive the ends of 
condenser tubes 12. Headers 14 and 16 include 
header return bend tubes 18, 20 and 21 which con- 
nect the various tubes 12 and transfer the working 
fluid, in this case, a conventional dual-phase refrig- 
erant, from one tube to the next As shown (fig. 1) 
header tubes 18 are included in header members 14 
and 16 and connect heat transfer tubes 12 to convey 
the working fluid. Inlet tube 22 and outlet tube 24 pro- 
vide fluid connection between the condenser 10 and 
other components (not shown) of the automotive air 
conditioner unit through free ends 22' and 24', re- 
spectively. 

All refrigerant enters con denser 1Q through inlet 
end 22' and passes through" he entire length of the 
corresponding condenser inlet tube 22 whereuponTTl 
/fespjjt jDtpJ woseparate fluid circuits by an "M" shap- I 
(ed return bend tube connecting member or pod 20^ 
Vhich has on§jnlet23 and two'outietsT9 (Fig. 2). "IT 
shaped return bend tubes 18,. each having one inlet 



and one outlet, direct the refrigerant flow in each cir- 
cuit from one tube 12 to the next, as shown in Figs. 
1 and 2. In the embodiment shown, the tube rows are 

5 staggered between the front and rear of the condens- 
er. Except at the top and bottom, the header tubes 
connect front tubes to front tubes and rear tubes to 
rear tubes. The two separate fluid circuits are reunite 
ed from separate heat transfer tubes 12 by an "M" | 

10 shaped return bend tube member or pod 21 which \ 
has two inlets and one outlet The combined flow of> 
working fluid is directed through outlet tube 24 and 
out through end 24' to the other portions of the air 
conditioner unit (not shown). 

is As shown in the detail of Fig. 2, an array of indi- 
vidual fin units 30 are shown arranged in a parallel 
fashion with the plane of each fin being vertically 
aligned perpendicular to the face of the condenser 10 
and parallel to the direction of airflow therethrough. 

20 The fins 30 extend in an array and cover the entire 
core area of the condenser between the header sup- 
ports 28. To achieve the desired convective cooling 
efficiencies, the fins 30 are fitted tightly over tubes 
12, 22 and 24 or are otherwise bonded thereto in a 

25 manner which promotes conductive heat transfer be- 
tween the tubes and the fins. Each fin 30 extends es- 
sentially completely across the depth of the condens- 
er 10 to maximize contact with the airf lowing through 
the unit 

30 A side view of the condenser 1 0 of Figs. 1 and 2 

is shown positioned in front of an automobile radiator 
26 in a typical configuration. Airflow is shown in the 
direction of the arrows in Fig. 3. 

In the condenser embodiment depicted in Figs. 1 , 
35 2, and 3, the working fluid typically enters a condens- 
er 10 in a gaseous phase, having absorbed the heat 
from the passenger or other portion of a vehicle 
.--thaiugJtLaj^ 

/ sure drop ofthe incominggaseous refrigerant, and to 

40 J minimize the reduction of saturation temperature 
I thereof, inlet tube 22, along with associated tube ; 
ends 22' and header tube Inl et 23, ha ve anjrjtgrnal \ 
cross-secti onal area which isft nj for rntan d sized sifts I 
nificantly larger than the cross-sect tonal area ofthe. | 

45 individual heatrtransfer tubes 1 2 and outl et tube 24 j 
„ in the circuits which they feed.^PreferabTyrthe Intef- 
nal cross s~ecfi67faT^ea~oflhe entire pressure drop 
minimizing tube 22', 22 arid 23 is at least about 1 0% 
larger, and more preferably at least about 15% larger, 

50 than the internal cross sectional area of the remain- 
ing tubes in the assembly. These remaining tubes 1 2^ 
18, 19,21 and 24 all have approximately the same in- 
t ernal diameter and cross sectional are a. As shown 
pressure drop minimizing tube 22 also acts as a heat ^ 

55 transfer tube and accordingly extends between said 
header members (14,16) within the array of said heat 
transfer tubes (12) and fins (30). 

The provision of a larger internal cross-section in 
pressure drop minimizing tube 22 reduces the pres- 
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sure drop which would otherwise be experienced in 
a heat transfer assembly utilizing an inlet tube having 
the same size as other tubes 12, 18 and 24, without 
elaborate manifolding or other complexities. Also, in 5 
accordance with the preferred embodiment of the 
present invention, the pressure drop minimizing tube 
22 lies within the general pattern of tubes 1 2 and fins 
30. In a typical application as shown in Figs. 1-3, heat 
transfer tubes 12, including tube 24 and end 24', have 10 
a diameter of 6,86 mm and a wall thickness of 0,63 
mm Inlet tube 22, along with tube end 22' and "M" pod 
inlet 23 would have a diameter of 9,40 mm and a wall 
thickness of 0,81 mm and is approximately 90% larg- 
er in interior cross sectional area. is 

In Fig. 4 there is shown an end-wise "circuit dia- 
gram" of the flow path of working fluid through the va- 
rious heat transfer tubes and header tubes described 
in connections with Figs. 1-3. Heat transfer tubes 12, 
inlet tube 22 and outlet tube 24 are shown in cross 20 
section. The location of the connecting header tubes 
are shown connecting tubes 12, 22 and 24 in either 
solid line, to depict the header tubes on the nearside 
of the condenser 10, or dashed lines, to depict the 
header tubes on the far side of the condenser 10. 25 
These connecting header tubes are identified by 
adding the letter "a" to those tubes on the nearside 
(e.g. 1 8a) and the letter "b" to the header tubes on the 
far side (e.g. 18b) of condenser 10. 

A side schematic of a "circuit diagram" of a pre- 30 
ferred embodiment of the present invention as util- 
ized in an automotive type evaporator is shown in Fig. 
5. In this embodiment, the evaporator structure is ba- 
sically the same as that of the condenser, except that 
the inlet and outlets are reversed and the conf igura- 35 
tion of the header tubes includes more rows from 
front to back. Evaporator 32 includes a plurality of 
parallel circular cross-section heat transfer tubes 
extending in five staggered rows (front to back)bl^ 
tween headers (not shown). Parallel inlet tube 33 40 
serves to introduce condensed, liquid refrigerant 
through its near end (as seen in Fig. 5) and has the 
same size and cross-sectional area as the other heat 
transfer tubes^lnlet tube 33 is connected at the far 
end of condenser 32 (as seen in Fig. 5) by a tripod- 45 
type connecting header tube^gfe to two other heat 
transfer tubes 34. The working fluid, which is divided 
into two separate circuits, then passes through the 
various heat transfer tubes and similar sized "U" 
^shaped connecting header tubes 38a (shown as solid so 
I lines connecting header tubes 34) at the near end of 
\l evaporator 32 or by "U" shaped connector tubes 38b 
Xshown as dashed lines connecting heat transfer 
tubes 34) at the far end of evaporator 32. 

After passing through the various heat transfer 55 
tubes 34 and headers 38, the two separate fluid cir- 
cuits are reunited with the refrigerant in a partially or 
fully gaseous phase, and exit evaporator 32 the near 
end of outlet tube 39. In accordance with the present 



invention, parallel, circular outlet tube 39 is a pres- 
sure drop minimizing tube of uniform and significant- 
ly larger Interior cross-sectional area than the remain- 
ing heat transfer tubes 34. ^tripod-typ e, three- 
legge dconnecting header tube35b joins the worTarig 
fluid from two separate heat transfer tubes 34atthe^v 
far end of evaporator 32 Into a single stream which \ 
then passes through pressure jrop minimizing tube ] 
39 and out of the evaporatoraFthe near end. In the j 
two-circuit embodiment shown, evaporator outlet/ 
tube 39 has an approximately 15% larger cross- \ 
sectional area than the remaining tubes 33 and 34. J 
As in the condenser embodiment shown in Figs. 1-4, / 
outlet tube 39 serves to reduce the pressure drop of 
the gaseous refrigerant passing therethrough and/ 
thereby minimizing the reduction of temperature po- 
tential available to absorb heat from the air stream 
passing over the exterior of the heat exchanger. 

As with the condenser embodiment the Qv ap^r- \ 
ator 32 h as a staggered tube configuration, as seen \ 
from the front (with five (5) rows of tubes instead of I 
two), and has a cooling fin array imposed over the I 
tubes 33, 34, and 39. By incorporating the pressure $ 
drop minimizing tube 39 in the fin and heat transfer/ 
tube pattern within the working portion of the heat 
exchanger, considerable complexity in manifolding is 
eliminated, thereby improving assembly reliability 
and lowering cost 

The^gp^tor embodiment depicted in Rg^S, N 
when utilized with an outlet tube size of 15,9 mm di- 
ameter and remaining tube size of 12,7 mm diameter, 
has shown considerably increased heat transfer over 
a similar evaporator utilizing an outlet tube having 
the same diameter as the remaining tubes. In a typ- 
ical automotive evaporator assembly, the increase 
has been shown to be approximately 756 Kilo calor- ^ 
ies per hour. 

Thus the present invention may be utilized in 
either a condenser mode where a partially or fully 
gaseous working fluid is being condensed to a liquid, 
or in an evaporative mode where a liquid working fluid 
is partially or fully vaporized to a gas. In either case, 
the primary tube of the heat exchanger carrying the 
partially or fully gaseous phase either into or out of 
the unit is of significantly larger cross-sectional area 
than the majority of the remaining tubes of the unit 



Claims 

1 . A heat exchanger assembly to be utilized in an air 
conditioning system to be used as a condenser or 
an evaporator comprising: 
a pair of header members (14,16); 
a plurality of heat transfer tubes (12) extending 
between said header members (14,16); 
a plurality of header tubes (18) included in said 
header members (14,1$) and connecting said 
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heat transfer tubes (12) to convey said working 
fluid; 

a plurality of convective cooling fins (30) forming 
an array over said heat transfer tubes (12), said 5 
heat transfer tubes (12) and fins (30) adapted to 
transfer heat between the exterior of said tubes 
and fins (12,30)and a working fluid in a gaseous 
or liquid phase within said tubes (12); 
characterized in that it also comprises a pressure 10 
drop minimizing tube (22) extending between 
said header members (14,16) within the array of 
said heat transfer tubes (12) and fins (30) and 
connected to said heat exchanger assembly, said 
pressure drop minimizing tube (22) having a 15 
cross sectional area larger than the sectional 
area of each of said heat transfer tubes (12) and 
conveying said gaseous working fluid to and from 
said heat exchanger assembly and a tube mem- 
ber (23) connecting said pressure drop minimiz- 20 
ing tube (22) at one end to at least one of said 
heat transfer tubes (12) for either transferring a 
gaseous working fluid from said pressure drop 
minimizing tube (22) to said heat transfer tubes 
(12) for condensation to a liquid, when said as- 25 
sembly is utilized as a condenser, or transferring 
gaseous working fluid from said heat transfer 
tubes (12) to said pressure drop minimizing tube 
(22) when said assembly is utilized as an evap- 
orator. 30 

2. The assembly of claim 1, wherein said pressure 
drop minimizing tube (22) and said connecting 
tube member (23) have the same cross sectional 
area. 35 



3. The assembly of claim 1, wherein said pressure 
drop minimizing tube (22) extends parallel to said 
array of heat transfer tubes (12). 

4. The assembly of claim 1 , wherein the cross sec- 
tional area of said pressure drop minimizing tube 
(22) is at least 10% larger than the internal cross 
sectional area of the said heat transfer tubes 
(12). 



triebsmittelfluids verbinden, 
einer Mehrzahl von Konvektionskuhllamellen 
(30), die in Reihe auf den WarmeObertragungs- 
rohren (12) nebeneinander angeordnet sind; die- 
se Wfirmeubertragungsrohre (12) und die Lamel- 
len (30) sind bestlmmt fQr die Warmeubertra- 
gung zwischen der Umgebung der Rohre und La- 
mellen (12, 30) und einem gasfdrmigen oderflus- 
sigen Fluid in den Rohren (12); 
dadurch gekennzelchnet, 
dak et auch ein Druckminderrohr (22) enthSIt, 
das sich zwischen den Kopfteilen (14, 16) inner- 
halb der Reihe von Warmeubertragungsrohren 
(1 2) und den Lamellen (30) erstreckt und mit dem 
Warmetauscher verbunden ist, das Druckmin- 
derrohr (22) hat einen Quersch nitt, der grS&er ist 
als der Querschnitt jedes der Warmetauscher- 
rohre (12) und fdrdert das gasfdrmige Betriebs- 
mittelfluid zu und aus dem Warmetauscher, und 
ein Rohrteil (23) verbindet das Druckminderrohr 
(22) an einem Ende mindestens mit einem der 
Warmeubertragungsrohre (12) fQr entweder die 
Oberleitung eines gasfSrmigen Betriebsmittel- 
f luids aus dem Druckminderrohr (22) in die War- 
meubertragungsrohre (12) fQr die ^Condensation 
in eine Flussigkeit, wenn der Tauscher als Kon- 
densator verwendet wird, Oder die Oberleitung 
eines gasfdrmigen Betriebsmittelfiuids aus den 
WSrmeubertragungsrohren (12) in das Druck- 
minderrohr (22), wenn der Tauscher als Ver- 
dampfer verwendet wird. 

2. Der Tauscher nach Anspruch 1 , worin das Druck- 
minderrohr (22) und der Rohrteil (23) den giei- 
chen Querschnitt haben. 

3. Der Tauscher nach Anspruch 1, worin sich das 
Druckminderrohr (22) parallel zur Reihe der War- 

40 metauscher rohre (12) erstreckt 

4. Der Tauscher nach Anspruch 1 , worin der Quer- 
schnitt des Druckminderrohres (22) mindestens 
10% gro&er ist als der innere Querschnitt der 

45 WarmeCbertragungsrohre (12). 



Revendtcations 

1. Ensemble d'echange de chaieur destine a etre 
utilise dans un systeme de conditionnement 
d'air, pour servir de condensateur ou d'evapora- 
teur et comprenant 

- une paire d'organes collecteurs (14,16); 

- une pluralite de tubes de transfert de cha- 
ieur (12) s'etendant entre lesdits organes 
collecteurs (14, 16); 

- une pluralite de tubes collecteurs (18) In- 
dus dans lesdits organes collecteurs (14, 



Patentanspruche 

1. Ein Warmetauscher, nutzbar als Kondensator 50 
Oder als Verdampfer zur Anwendung in einem 
Luftkonditionierungssystem, bestehend aus: 
einem Paar Kopfteilen (14, 16); 
einer Mehrzahl von Warmeubertragungsrohren 
(12), die sich zwischen den Kopfteilen (14, 16) 55 
erstrecken, 

einer Mehrzahl von zu den Kopfteilen (14, 16) ge- 
horenden Kopf rohren (18). die die Warmeuber- 
tragungsrohre (12) fur die FSrderung des Be- 
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16) et reliant lesdits tubes de transfert de 
chaleur (1 2) pour transporter (edit f luide de 
service ou de travail. 
- une pluralite d'ailettes de refroidissement 5 
par convection (30) formant une rangee sur 
lesdits tubes de transfert de chaleur (12), 
lesdits tubes de transfert de chaleur (12) et 
lesdites ailettes (30) etant susceptibles de 
transferer de la chaleur entre Texterieur 10 
desdits tubes etdesdites ailettes (12, 30) et 
un f luide de service ou de travail en phase 
gazeuse ou liquide a I'interieur desdits tu- 
bes (12); 

caracterise en ce qu'il comporte egalement un 15 
tube de reduction de perte de charge (22) s'eten- 
dant entre lesdits organes collecteurs (14, 16) a 
I'interieur de la rangee desdits tubes de transfert 
de chaleur (12) et desdites ailettes (30) et relie 
audit ensemble d'echangeurs de chaleur, ledit 20 
tube de reduction des pertes de charge (22) pre- 
ss ntant une surface de section transversal e su- 
perieure a la surface de section transversals de 
chacun desdits tubes de transfert de chaleur (12) 
et transportant ledit fluide de service gazeux 25 
vers et a partir dudit ensemble d'echangeurs de 
chaleur, et un organe tubulaire (23) reliant ledit 
tube de reduction des pertes de charge (22) a 
Tune de ses extremites a au moins Tun desdits 
tubes de transfert de chaleur (1 2) pour transferer 30 
un fluide de service gazeux a partir dudit tube de 
reduction de perte de charge (22) auxdits tubes 
de transfert de chaleur (1 2) pour la condensation 
d'un liquide, lorsque ledit ensemble est utilise 
comma condenseur, ou bien pour transferer du 35 
fluide de service gazeux a partir desdits tubes de 
transfert de chaleur vers ledit tube de reduction 
des pertes de charge (22) lorsque ledit ensemble 
est utilise comme evaporateur. 

40 

2. (.'ensemble selon la revendication 1 , dans lequel 
ledit tube de reduction des pertes de charge (22) 
et ledit organe tubulaire de liaison (23) presentent 
la mSme surface de section transversale. 

45 

3. L'ensemble selon la revendication 1 , dans lequel 
ledit tube de reduction des pertes de charge (22) 
s'etend parallelement a ladite rangee de tubes de 
transfert de chaleur (12). 

50 

4. L'ensemble selon la revendication 1 , dans lequel 
la surface de section transversale dudit tube de 
reduction des pertes de charge (22) est au molns 
10% superieure a la surface de section transver- 
sale infeneure desdits tubes de transfert de cha- 55 
leur(12). 



6 



EP 0 407 353 B1 




EP 0 407 353 B1 



30 

iiiimiAiinm 




8 



EP 0 407 353 B1 




